Abstract. The article is devoted to the problem of providing mining enterprises with solidifying filling mixtures at underground mining. The results of analytical studies using the data of foreign and domestic practice of solidifying mixtures delivery to stopes are given. On the basis of experimental practice the parameters of transportation of solidifying filling mixtures are given with an increase in their quality due to the effect of vibration in the pipeline. The mechanism of the delivery process and the procedure for determining the parameters of the forced oscillations of the pipeline, the characteristics of the transporting processes, the rigidity of the elastic elements of pipeline section supports and the magnitude of vibrator' driving force are detailed. It is determined that the quality of solidifying filling mixtures can be increased due to the rational use of technical resources during the transportation of mixtures, and as a result the mixtures are characterized by a more even distribution of the aggregate. The algorithm for calculating the parameters of the pipe vibro-transport of solidifying filling mixtures can be in demand in the design of mineral deposits underground mining technology.
Introduction
Concrete mixtures occupy a significant place in modern underground mining. An important characteristic of them is the moisture that determines its congealing, liquefaction and other parameters. Therefore, technologies using water as a vehicle are getting restricted up to the evicting, and technologies that can be applied without the addition of water as the transporting media are obtained [1] [2] .
The problem becomes particularly relevant for the underground mining of mineral deposits, especially in cases where adapted mining works are used for transportation, for example, with reverse bias.
To the technology of using concrete mixtures, the following requirements are set: the possibility of moving them to a considerable distance, reliability, minimal costs, loyalty to the environment, The peculiarity of the transportation of mixtures is the force acting on the pipe-line [3] [4] . Vibration reduces the resistance to transportation and allows the flow under pressure to move concrete mixes.
The parameters of transportation are significantly influenced by the parameters of force impact. With the increase in the amplitude of the action at a constant frequency, the thickness of the water-cement film of the mixture increases due to the inertness of the mixture.
The peculiarity of the movement of the granular mixture through the pipes is the compliance of the pipeline diameter to the fineness of the mixture components, which must be at least 5/1. The grain size of the material should not exceed 15 mm, and the ratio "largefine" filler must be provided within 2:3.
Next to the pipeline for concrete mix for its maintenance it is necessary to locate the main rifles of compressed air and water. Compressed air is supplied to the pipelines through ejectors mounted at an angle of 15-300 with an interval of 50-70 m.
Materials and methods
The main place in the study is given to industrial experiment.
The first use of this technology refers to the practice of developing deposits of the consern "Wismut" (Germany).
In the USSR, the technology was used in the development of the ShokpakKamyshovoye deposit in Kazakhstan to deliver hardening mixtures over a distance many times higher than the vertical height. When feeding the packing mixture for a distance of up to 2.5 km, the energy consumption was 0.15-0.22 kW/m3. The particular interest to this technological precedent is that during transportation the strength of the solidifying mixture has increased by 20-25%.
To increase transportability through pipelines, water is usually added to the concrete mixes before the cone 11 precipitating. With the new technology, the mixture is transported to the precipitation of cone 9 without the premix reducing the water-reducing strength.
The installation for solidifying filling mixtures transportation worked under the following conditions: diameter of air tapping is 40 mm, diameter of pipeline is 170 mm, the pressure of compressed air in air pipeline is 6 MPa, the capacity is 60 m 3 /h. Parameters of the vibro-transport installation are the following: compulsive force is 2-5 kN, amplitude of the pipeline oscillation is 1.2-2.0 mm, oscillation frequency is 6.0-13 Hz, influence of one exciter is 200-220 m. The range of the mixture supply was 2 times higher than possible for traditional technologies.
For delivery of filling mixes in underground conditions gravity, gravity-pneumatic and vibration schemes of pipeline transport are used. The first scheme provides stable delivery for a distance of 850 m, the second -for 1200-1500 m, and the possibilities of the third scheme have not been studied enough to estimate the quantitative parameters of delivery. It can only be asserted that the vibrators give the pipeline the functions of the mixer-activator [5] [6] .
The installation of vibro-pneumatic transport included a pipeline and vibrators. The system of vibro-transport of the concrete mix consisted of a vertical section of 175 m height and a horizontal section of 2500 m long (Fig. 1 ). The transported hydro-mixture is characterized by plasticity within 1-7% (Tab. 1). With traditional delivery technology, transportation of the mixture is carried out at an increased water flow, which reduces its strength. The use of vibration technology in combination with pneumatic gravity flow eliminates this drawback.
E3S Web of Conferences
The accumulated experience allows the authors to develop an algorithm for the project of concrete mixtures supplying containing 0.1-0.35 dispersed particles, with a solids concentration in water of 0.10-0.85 and with settlement of a standard cone of 10-13 m.
Results and discussion
The main parameters of the vibrodelivery are the following: transport length (L), vertical line height (H), section length (l 1 ) and vibration exciter location within section (l 2 ) (Fig.  2) . The dynamics of hydraulic losses during transportation of water are shown in Tab. 2. Vibro-transportation increases the length of delivery of the solidifying mixture, which allows solving the problem of their transportation, both for the peripheral sections of the deposits and on the ground surface.
The increase in the activity of the hardening mixture during its transportation makes it possible to involve low-active production waste into recycling, to save the earth's surface from destruction during the extraction of mineral components of the mixture and to reduce the costs of surface and underground mining facilities and related industries objects construction [7] .
The results of the study correspond with the specialists in this area of mining opinion [8] [9] .
Conclusions
1. The quality of concrete mixtures increases with the rational use of physical and energy resources during their transportation.
2. Activation in the pipeline improves the quality of the mixture due to a more even distribution of the aggregate, better hydration conditions for the binders.
3. The use of the new technology opens up new possibilities for using resource-saving technologies for underground mining of ore deposits with the achievement of a multi-area effect, including by peripheral areas installing without the construction of additional filling complexes.
